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METAL TRITHIOCARBONATES AS
DEPRESSANTS

The present invention relates to a depressant compo-
sition useful in ore flotation operations. Another aspect
of this invention relates to a process for recovering
minerals from ore compositions. Yet a further aspect of
this invention relates to a process for preparing a de-
pressant.

. BACKGROUND OF THE INVENTION

Flotation processes are known in the art and are used
for recovering and concentrating mirerals from ores. In
froth flotation processes the ore is crushed and wet
ground to obtain a pulp. Additives such as mineral flota-
tion or collecting agents, frothers, suppressants, stabiliz-
ers, etc. are added to the pulp to assist separating valu-
able materials from undesirable or gangue portions of
the ore mn subsequent flotation steps. The pulp is then
aerated to produce a froth at the surface.-The minerals
which adhere to the bubbles or froth are skimmed or
otherwise removed and the mineral bearing froth is
collected and further processed to obtain the desired
minerals. Typical mineral flotation collectors include
xanthates, amines, alkyl sulfates, arene sulfonates, di-
thiocarbamates, dithiophosphates, and thiols.

While the art of ore flotation has reached a significant
degree of sophistication it is a continuing goal in the ore
recovery industry to increase the productivity of ore
flotation processes and above all to provide specific
processes which are selective to one ore or to one metal
over other ores or other metals, respectively, which are
present in the treated material.

THE INVENTION

It is one object of this invention to provide a composi-
tion useful as a depressant in ore flotation.

Another object of this invention is to provide a pro-
cess to produce such a composition.

Yet a further object of this invention is to provide an
improved flotation process using the new depressant
composition.

A still further object of this invention is to provide an
improved molybdenum flotation process in which less
iron and copper contamination s present in the molyb-
denum recovered.

These and other objects, advantages, details, features
and embodiments of this invention will become appar-
ent to those skilled in the art from the following detailed
description of the invention and the appended claims.

In accordance with this invention certain metal tri-
thocarbonates to be defined below have been found to
be effective depressants or suppressants in ore flotation
operations.

Thus 1n accordance with a first embodiment of this
invention a process for depressing minerals in a minerals
containing mixture 1s provided. In accordance with this
invention ‘the flotation operation is carried out with a
depressant composition present in the flotation opera-
tion which comprises at least one compound selected
from the group consisting of

M>CS3 and M'CS;

wherein the components M which can be the same or
different are selected from the group consisting of NHy4
and alkali metals and M’ is an alkaline earth metal.
Among the metal trithiocarbonates used, the alkali
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metal trithiocarbonates are preferred. Particularly pre-
ferred 1s disodium trithiocarbonate as a depressant com-
pound in the composition. In addition to the ammonium
and sodium trithiocarbonate, the invention also encom-
passes lithium, potassium, cesium and rubidium trithio-
carbonates as well as magnesium, calcium and barium
trithiocarbonates as the metal trithiocarbonates in the
depressant composition.

It has been discovered in accordance with this inven-
tion that a composition containing both metal sulfides
and the trithiocarbonate(s) defined above allow particu-
larly efficiently a selective separation of molybdenum
from copper and iron sulfides, and more specifically
from concentrates containing these minerals, at a lower
dosage level than with the metal sulfide depressant
compound alone. Thus, the use of the metal trithiocar-
bonate as defined together with the metal sulfide com-
pound 1s particularly preferred. A composition com-
prising metal trithiocarbonate as defined above and
metal sulfide as defined below constitutes a further
embodiment of this invention. The term “metal sulfide”

as used above refers to a compound selected from the
group consisting of

MSH, M3§, M'(SH); and M’S

wherein M is selected from the group consisting of
NH4 and alkali metals and M’ is an alkaline earth metal.

The presently preferred depressant composition is
one that 1s obtained by a process as described in the
following. This depressant composition is most prefera-
bly an aqueous composition and is generally employed
In a quantity of about 1 to about 10 Ib/ton of ore. It
should be noted that this range is not a critical range and
that operation outside of this range is within the scope
of the present invention in view of the differences in the
ores to be treated and the minerals to be recovered.

In the process for producing the preferred depressant
composition, and in accordance with a further embodi-
ment of this invention, a metal sulfide compound as-
defined above is contacted under reaction conditions
with CS;. This metal sulfide compound is used in a
quantity so that at least an amount of the metal sulfide
compound stoichiometrically required to convert the
CS; to the trithiocarbonate is used. Preferably the mole
ratio of metal sulfide to carbon disulfide in this reaction
is up to 10 times the stoichiometrically defined ratio.

The reaction is preferably carried out by contacting
an aqueous solution containing the metal sulfide com-
pound with CS3. The metal sulfide containing aqueous
solution ts preferably one which contains at least 5
weight percent of the metal sulfide in the aqueous solu-
tion. The upper limit is set by the solubility of the metal
sulfide tn water under the reaction conditions. A pre-
ferred upper limit is about 45 weight percent for the
metal sulfide in the aqueous solution to be used. The
reaction conditions are not particularly critical. Gener-
ally the reaction will be carried out a temperature be-
tween room temperature and the boiling point of the
aqueous metal sulfide solution under the operating pres-
sure. The reaction is usually sufficiently completed for
the purposes of this invention in a time in the range of 10
minutes to 10 hours.

The aqueous solution obtained in the preferred pro-
cess of this invention can be used as such as a depressant
composition in a flotation process in accordance with
this invention. |
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Thus a yet further embodiment of this invention re-
lates to an ore flotation process. This-flotation process
involves the steps of

(a) mixing mineral material with water and the de-

pressant defined above to establish a pulp,
(b) aerating the pulp to produce a froth and a tail

product,

(c) separating the froth and the tail product and

(d) recovering minerals from the so separated froth
and/or tail product.

Preferably in the process of this invention a frother as
well as a flotation agent are employed. Several of the
well known flotation agents can be used. Examples for
such flotation agents are organic xanthates, organic
trithiocarbonates, amines and dithiocarbamates.

The flotation agent is usually used in a quantity in the
range of 0.005 to 0.5 Ib/ton of mineral material.

The suppressant defined above can, in accordance
with this invention, also be used with additional sup-
pressants such as sodium cyanide, lime, zinc sulfate,
starch, and sulfuric acid.

Furthermore, it 1s preferred to carry out the process
defined in the presence of a frother. Examples of froth-
ers that can be used in addition to the collector compo-
sitions defined above are polyoxyalkylene glycols and
ethers having broadly a molecular weight of 400 to
about 1000, and preferably a molecular weight in the
range of about 420 to 780. Particularly polypropylene
glycols having molecular weights of e.g., 400, 425, 750
or 900 can be used. Also polybutylene glycol and poly-
pentylene glycol are useful materials. Examples of other
frothers that may be used are methyl isobutyl carbinol,
pine oil, alcohols, phenols, fatty acids and cresylic acid.

The suppressant of this invention 1s preferably used in
a quantity in the range of about 1 to 10 Ib/ton based on
a solution obtained from a 30 weight percent aqueous
metal sulfide solution reacted with 5 weight percent
CS;. In the case of more concentrated depressant com-
position, this preferred range will correspondingly be
shifted into lower weight ranges while more diluted
depressant composition solutions will preferably be
employed in weight ranges extending correspondingly
into areas of higher values in Ibs. of depressant per ton
of material to be separated.

It 1s presently preferred in accordance with this in-

" vention to carry out the flotation operation and selec-

tive depression in conjunction with.charcoal. Most
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preferably the minerals containing mixture is treated

with charcoal. It is particularly advantageous to carry
out a pretreatment of the mineral containing mixture
with charcoal to obtain a charcoal containing mixture
and thereafter to contact this charcoal containing mix-
" ture with the depressant composition defined above. It
has been found that the combined operation so charac-
terized results in yet a further improvement of the pu-
rity of the concentrate obtained. While charcoal will
reduce to some extent the flotation of all the minerals its
effect apparently is more significant on the undesired
minerals than on the desired minerals. This has been
found particularly in the case in the recovery of molyb-

denum and the depression of iron and copper. The

amount of charcoal, when used, can be varied in broad
ranges. A preferred range for the use of charcoal is
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about 0.5 to about 5 Ib charcoal per ton of mineral mate-
rial treated.

The present invention is applicable to a variety of
ores. The invention is particularly suitable for sulfided

ores. Among the ores the molybdenum bearing ores and
especially the molybdenum bearing ores which also
contain copper and iron impurities, specifically impuri-

ties of these metals in the sulfided form, are preferred.
Specific examples of molybdenum bearing ores which
are useful in the process of this invention are:

Molybdenite Mo$S;
Wulfenite PbMoO4
Porvellite Ca(Mo|W)Oy4

Ferrimolybdite FeaMo03012.8H-O

The following examples are intended to further illus-
trate preferred embodiments of this invention without
undo limitation of the scope.

EXAMPLE I

This example describes the process of preparing the
product disclosed herein as an ore flotation reagent,
namely, the sodium hydrosulfide-carbon disulfide ad-
duct. To a 1 Liter Hastaloy stainless steel autoclave was
added 310 grams of water and 107 grams (2.675 moles)
of NaOH and the reactor closed. To the sealed reactor
was added 91.2 grams (2.682 moles) of H2S which re-
sulted 1n a very exothermic reaction. After all the H»S
had been added, 25 grams (0.329 mole) of CS; was
pumped in. At this point the density was measured as
1.2050 g/cc @21° C. The contents were heated to 100°
C. and density was measured until stabilized. After 3
hours, the density stabilized at 1.2090 g/cc @28° C
Upon discharge of the reactor there was obtained 463.5
grams of an aqueous product hereinafter referred to as
NaSH (30%)/CS; (5%). Similarly prepared was NaSH
(30%)/CS,'(10%) with the same reagents but using 50
grams of CS; and NaSH (30%)/CSs (15%) using 75

grams of CS».
EXAMPLE 11

This example describes the ore flotation process used
to evaluate the products disclosed as ore flotation rea-
gents. To a 1.5 Liter Denver D-12 flotation cell was
added 400 mulliliters (600 grams solids) of a rougher
concentrate from an ore flotation operation using a Mo
bearing ore (Cyprus Bagdad Mines) along with 7.5
grams (7.5 1b/ton) of NaSH (30%)/CS; (5%), 2 drops
(0.040 Ib/ton) of an aromatic oil (Molyflo, Phillips Pe-
troleum Co.) and enough water to make a 33% solids
slurry. The mixture was conditioned for 5 minutes at
1100 rpm and tloated for 5 minutes. The new concen-
trate was filtered, dried and analyzed. The run was
repeated. The procedure was again repeated but with
various NaSH/CS; levels as well as controls with
NaSH alone. The results are listed in Table I where it
can be seen the NaSH/CS; mixtures depress the flota-
tion of Cu and Fe significantly more than NaSH alone
(Runs 1 and 2) when used at the same levels. This de-
pressant action results in a higher grade molybdenum.
The results also show that the addition of charcoal to
the NaSH/CS; product (Run 6) depresses even more
the flotation of Cu and Fe wh:le maintaining a high

'molybdenum recovery.
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TABLE I

mm—wm—wm

Efiect of NaSH/CS> Blend as a Cu and Fe
Depressant in Mo Ore Flotation

and alkali metals and M’ is an alkaline earth metal
whereby molybdenum is recovered from a resulting
flotation froth and copper and/or iron materials are
recovered from a resulting flotation tail product.

2. Process 1 accordance with claim 1 wherein said
depressant composition comprises an adduct obtained
by contacting MSH, M;S, M'(SH); and M'S where M is
selected from the group consisting of NH4 and alkali
metals and M’ is an alkaline earth metal with CS-.

3. Process in accordance with claim 1 comprising first
treating said minerals containing mixture with charcoal
to obtain a charcoal containing mixture and thereafter
contacting said charcoal containing mixture with said
depressant composition.

4. Process in accordance with claim 1 wherein said
minerals to be depressed comprise sulfided minerals.

3. Process in accordance with claim 4 wherein said
sulfided minerals comprise sulfided copper and/or sul-
fided iron minerals and mixtures thereof.

6. Mineral recovery process comprising

(a) treating a mineral material containing sulfided
molybdenum mineral and a sulfided copper and/or
sulfided iron mineral with charcoal,

(b) mixing the mineral material containing sulfided
molybdenum mineral and a sulfided copper and/or
sulfided iron mineral water, a flotation agent and a
depressant composition comprising at least one

45

NaSH/CS;
Run Mole % Recovery
No. Depressant (% Aq.) Ratio Ib/ton Cu Fe Mo
— e O
Control: -
1 NaSH (30%) — 34 02,8 394 977
NaSH (30%) — 3.4 522 365 97.2
Average = 352.5 379 9675
2 NaSH (30%) — 1.5 11.0 10.6 97.5
NaSH (30%) — 7.5 13.2 9.2 972
Average = 2.1 9.9 973
Invention:
3 NaSH (30%)/CS; (5%) 8:1 3.4 38.6 274  96.6
4  NaSH (30%)/CS3 (5%) 8:1 7.5 9.50 9.26 96.2
NaSH (30%)/CS; (5%) 8:] 1.5 7123 6.67 96.3
Average = 84 8.0 96.3
5 NaSH (30%)/CS; (10%) 4:1 1.5 393 566 957
NaSH (30%)/CS; (10%) 4:1 - 7.5 949 8.03 96.3
,. Average = 7.71 6.84 96.0
6 NaSH (30%)/CS3 (5%) + 8:1 7.5 495 4.72 96.5
charcoal? 3.4
NaSH (30%)/CS3 (5%) + 8:1 1.5 JJOI. 297 96.8
charcoal? 3.4 —_— e
Average = 4.0 3.8 96.7
“Added ! minute before NaSH/CS;
Reasonable variations and modifications which will
become apparent to those skilled in the art can be made |
in this invention without departing from the spirit and M>CS3 and M'CS3 wherein the components M
scope thereof. 30 which can be the same or different are selected
What 1s claimed 1s: from the group consisting of NHg and alkali metals
1. Process for depressing copper and/or iron minerals and M’ 1s an alkaline earth metal, to establish a
In a minerals containing mixture from which molybde- pulp,
num 1s to be recovered in a flotation operation compris- (C) aerating the pulp to produce a froth and a tail
ing treating the minerals containing mixture with char- 35 product, | .
coal and carrying out a flotation with a depressant com- (d) separating the froth and the tail product, and
posttion present comprising at least one compound se- (e) recovering molybdenum mineral from the so sepa-
lected from the group consisting of M>CS3 and M'CS; rated froth and/or copper and/or iron mineral
wherein the components M which can be the samé or from the so separated tail product.
different are selected from the group consisting of NHs 40 7. Process in accordance with claim 6 wherein said

depressant composition comprises an adduct obtained
by contacting MSH, M,S, M'(SH); and M’S wherein M
1s selected from the group consisting of NH4 and alkali
metals and M’ is an alkaline earth metal with CS».

8. Process in accordance with claim 6 comprising first
treating said mineral containing material with charcoal
to obtain a charcoal containing mixture and thereafter

- contacting said charcoal containing mixture with said
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‘compound selected from the group consisting of

depressant composition.

9. Mineral recovery process comprising

(a) treating a mineral material containing sulfided
molybdenum mineral and a sulfided copper and/or
sulfided iron mineral with charcoal, |

(b) mixing the mineral material containing sulfided
molybdenum mineral and a sulfided copper and/or
sulfided iron mineral water, a flotation agent and a
depressant composition comprising an adduct ob-
tained by contacting MSH, M;S, M'(SH); and M'S
wherein M is selected from the group consisting of
NH4 and alkali metals and M’ is an alkaline earth
metal with CS; in a quantity that at least twice as
many moles of the compound of M, or respectively
M, are used as would be stoichiometrically re-
quired per mole of CS; to form M2CS3 or respec-
tively M'CS3, to establish a pulp,

(c) aerating the pulp to produce a froth and a
product,

(d) separating the froth and the tail product, and

tail
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(e) recovering molybdenum mineral from the so sepa-
rated froth and/or copper and/or iron mineral
from the so separated tail product. ‘

10. Process in accordance with claim 9 wherein said

depressant composition comprises the adduct obtained 5
by reacting more than two moles of NaSH per mole of

CS3z with CS3 to form said depressant composttion.
11. A process in accordance with claim 9 comprising

first treating said mineral containing material with char-
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8

coal to obtain a charcoal containing mixture and there-
after contacting said charcoal containing mixture with
said depressant composition.

12. Process in accordance with claim 9 comprising

first treating said mineral material with the charcoal to
obtain a charcoal containing mixture and thereafter

contacting said charcoal containing mixture with said

depressant composition.
- * * * S
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